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ABSTRACT 

We suggest a common physical origin connecting the fast, highly ionized winds (UFOs) seen in 
nearby AGN, and the slower and less ionized winds of BAL QSOs. The primary difference is the mass 
loss rate in the wind, which is ultimately determined by the rate at which mass is fed towards the 
central supermassive black hole (SMBH) on large scales. This is below the Eddington accretion rate 
in most UFOs, and slightly super-Eddington in extreme UFOs such as PG1211+143, but ranges up 
to ~ 10 — 50 times this in BAL QSOs. For UFOs this implies black hole accretion rates and wind mass 
loss rates which are at most comparable to Eddington, giving fast, highly-ionized winds. In contrast 
BAL QSO black holes have mildly super-Eddington accretion rates, and drive winds whose mass loss 
rates are significantly super-Eddington, and so are slower and less ionized. This picture correctly 
predicts the velocities and ionization states of the observed winds, including the recently-discovered 
one in SDSS J11G6+1939. We suggest that luminous AGN may evolve through a sequence from BAL 
QSO through LoBAL to UFO-producing Seyfert or quasar as their Eddington factors drop during 
the decay of a bright accretion event. LoBALs correspond to a short-lived stage in which the AGN 
radiation pressure largely evacuates the ionization cone, but before the large-scale accretion rate has 
dropped to the Eddington value. We show that sub-Eddington wind rates would produce an M — a 
relation lying above that observed. We conclude that significant SMBH mass growth must occur in 
super-Eddington phases, either as BAL QSOs, extreme UFOs, or obscured from direct observation. 

Subject headings: galaxies: evolution — quasars: general — black hole physics — accretion, accretion 
disks 



1. INTRODUCTION 

Since their discovery more than a decade ago interest 
in the scaling relations between supermassive black holes 
(SMBH) and their galactic hosts has grown sharply. A 
promising candidate for the agency linking the growth 
of the hole with the evolution of the host is a power- 
ful quasi-spherical wind from the central regions of an 
active galactic nucleus. Examples of these are widely ob- 
served. The fastest, (sometimes called UFOs) a,re seen in 
a large fraction of local AGN (Tombesi et al. 2010a|b ). 
They are detected via blueshifted X-ray absorption fines 
(typically heliumlike iron) with velocities ~ 0.03 — 0.15c 
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where Mw,fw are the mass outflow rate and ve locity of 
the wind, and L^,^^ is th e Eddington luminosity ( Pounds 
et al. 2003a King & Pounds 2003 ) . This relation suggests 
that the wind here is driven by photons of the AGN 
radiation fie ld Thomson scattering once before escaping 
the system ( [King fc Pounds||2003 ; King 2010b), A wind 
with this property must have a major efiect on the host 
galaxy, as it inevitably shocks against its interstellar gas. 
This offers an obvious way for the huge binding energy 
of a supermassive black hole (SMBH) to affect its host, 
and so lead to an explanation of the M — a relation. For 



form a tamily with lower velocities and lower i oniza- 
tion. They comprise -- 10 - 20% of all QSOs JHaS^ 
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[Knigge et al.||2008 
and exhibit broad blueshitted absorption lines, wit 
velocity edge ■ymin — 0.007c — 0.03c and high-v elocity 
edge w,„ax - 0.01c - 0.06c ( [Gibson et aL]|2009[ ). The 
typical ionization states in BAL QSO spectra are CIV, 
OVI, NV, with a small fraction, called LoBALs, having 
low-ionization lines of Mgll and Fell. 

It is clear that at least some observed winds have 
the properties needed to make the host galaxy sensi- 
tive to the growth of its central black hole. The quasar 
PG1211+143 is a UFO whose observed velocity and ion- 
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black hole masses M below a critical value (King 2003 
2005| ) 
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(where fg is the gas fraction, k the electron scatter- 
ing opacity, and a the velocity dispersion of the host 
spheroid) the Eddington thrust of the black hole wind 
is too weak to lift the host interstellar gas far from the 
hole. The wind shock is efficiently Compton-cooled by 
the black hole's radiation field and falls back after sweep- 
ing up only small mass of interstellar gas. In constrast, 
once the hole grows to a mass Al > M^ the Eddington 
thrust drives this shock far enough from the hole that 
it no longer cools, expanding adiabatically instead. This 
powerful energy injection efficiently sweeps up and expels 
most o f the host's in terstell ar g as. This is the probable 
cause ( Zubovas fc King, |2012a[ ) of the observed high- 
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dead. 

In this paper we quantitatively explore the possible 
range of velocities and ionization equilibria in AGN 
winds. Our results suggest that BAL QSO winds and 
extreme UFOs like PG1211+143 are manifestations of 
the same physical process. The primary difference be- 
tween the two classes is the mass outflow rate in the 
wind, which has its ultimate origin in the mass inflow 
rate towards the accreting supermassive black hole from 
large scales. In BAL QSOs, this large-scale inflow rate 
is highly super-Eddington, leading to a dense and slow 
wind outflow, while extreme UFOs have more moderate 
inflow rates Mace '^ M^dd- Variations in the geometry 
of the accretion flow can account for the large spread 
in outflow velocities for the same ionization species or 
the same object, and vice versa. All these winds trans- 
mit momentum rates > L^dd/c to the host ISM, and so 
would correctly predict the observed M — a relation. 

In contrast, the majority of UFOs have mass inflow 
rates which are significantly sub-Eddington. If these 
rates prevailed throughout the growth of the SMBH they 
would produce either an M—a relation lying significantly 
above what is seen, or no relation at all. We conclude 
that significant SMBH mass growth occurs in (super) 
Eddington phases. These manifest themselves either as 
BAL QSOs or extreme UFOs, or correspond to obscured 
systems. 

This paper is structured as follows. We review the 
properties of AGN winds in Section [2] We then describe 
the model for calculating the relation between wind ion- 
ization and velocity, and present the results (Section pi). 
Finally, we discuss the physical interpretation and impli- 
cations of our findings in Section [4] 

2. AGN WINDS 

The la unching of w inds from accreting AGN is dis- 
cussed in King ( 2010b I . Here we present a brief overview, 
concentrating on the properties relevant for the connec- 
tion between UFOs and BAL QSOs: wind ionization, 
velocity and mass outflow rate. We first consider the 
likely range of accretion rates. 

2.1. Accretion rates in AGN 

In an accretion fiow around a supermassive black hole 
(SMBH), the accretion rate at each radius is determined 
by local properties and the ultimate process feeding it, 
rather than directly by the black hole itself. There is 
no reason that this rate should respect the Eddington 
limit for the black hole - at radii larger than the point 
of direct infall to the hole, the Eddington limit may be 
significantly exceeded. The properties of the host galaxy 
set a limit on the infall rate Mjn on to the disk at large 
radii. This cannot be larger than the rate given by allow- 
ing gas previously in equilibrium suddenly to fall freely: 
for a roughly isothermal equilibrium with velocity dis- 
persion a = 200(7200 km/s this dynamical rate is 
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where /g is the gas fraction, i.e. the ratio of gas den- 
sity in the galaxy to the total density; /g — 0.16 is the 
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ole mass. 



Clearly unless the black 
hole mass is significantly below M„, or the galaxy has 
a <C 200 km s~ , the maximum mass inflow rate feeding 
the accretion disk is < 50 times the Eddington limit. 
Since the dynamical rate is an extreme upper limit this 
suggests that AGN are never fed at very high Eddington 
rates. 

2.2. Wind launching in super-Eddington systems 

An accretion disk reacts to a locally super-Eddington 
inflow by drivi ng away the excess as a wind at each ra- 
dius. Shakura & Sunyaev ( [1973J show that this mass 
loss implies that the total luminosity of the system is 



i = iEdd(l + ln(l + m)), 
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with M^ the wind outflow rate and Mace the black hole 
accretion rate. 

We have seen above that the accretion rate and the 
wind are never very super-Eddington, so the wind optical 
depth to electron scattering is ^ 1. This means that 
each photon emitted by the accretion on to the black 
hole scatters about once before escaping. As electron 
scattering is front-back symmetric, this shows that the 
wind acquires a momentum flow rate 
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(King 2010b) where L is the total black hole and disk 
luminosity (eq. pi). 

2.3. Wind launching in sub-Eddington systems 

In a sub-Eddington AGN, Compton scattering is by 
definition incapable of launching winds. However, radia- 
tion may still be able to expel matter in a wind by line- 
driving (see below): hot stars achieve this, for example. 
For disk accretion this process is formally identical to the 
super-Eddington case considered in the last subsection, 
except that the Eddington luminosity is replaced by a 
lower luminosity Lcrit- The analogous equation to ([5| 
holds, i.e. 

L = Lcrit (1 + In (1 + m)), (8) 

where again 
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The analogy with the super-Eddington case goes deeper. 
Line-driving, i.e. scattering off bound electrons, has to 
accelerate the wind to the escape velocity from the pho- 
tosphere in the immediate vicinity of the accreting black 



hole. Thus absorption hnes whose rest energies he be- 
low the peak of the continuum spectrum (largely a black 
body at the effective temperature of about 10^ K) are 
blueshifted across most of the spectrum and so absorb 
and re-radiate (i.e. scatter) almost all of the bolometric 
luminosity. In a similar manner to equation ([7]) this gives 
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2.4. Wind properties 

The wind velocity v^ in both sub- and super- 
Eddington systems can be expressed in terms of m: 
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The wind kinetic luminosity is 
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We plot these two relations in Figure [T] for ?/ — 0.1 and 
L = LEdd, declining below this value for UFOs. We 
identify the typical ranges of UFO and BAL QSO out- 
flow velocities (green and red respectively) together with 
the corresponding to factors and kinetic luminosities; we 
note, however, that there is an overlap in velocity be- 
tween the two populations, as described in the Introduc- 
tion. 

The gas density in the outflowing wind follows from 
the mass outflow rate at radius R: 
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with TOp the proton mass. UFOs are generally believed 



to have large co vering factors (i.e. r2w/27r > 0.6, [Tombesi 
et al. 2010a|b ) so we do not consider potential outflow 
coUimation. T his gives the wind ionization parameter far 
from the hole as: 
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where /; is the fraction of the AGN luminosity capable 
of ionizing a particular species and 6 < 1 is a quasar 
radiation beaming factor. (Strongly super-E ddington in - 
flow may lead to significant beaming (e.g. ! King| 2009), 
and we consider its effects in the DiscussiorT] For the 
moment we keep 6 as a free parameter. We assume that 
the disk does not contribute to ionization; this is rea- 
sonable considering that the disk radiates in the UV and 
longer wavelengths. Had we assumed the disc spectrum 
to be the same as the SMBH spectrum, an extra factor 
1 -f In (1 + to) would have appeared in the expression for 
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Figure 1. To y: Wind velocity as function of the Eddington factor, 
from oq. ( |11| . Horizontal dashed lines show approximate limits 
of observed velocities of UFOs (10* — 5 X 10'' kms~^) and BAL 
QSO outflows (2000—10000 kms~ ), with corresponding m factors 
identified. Bottom panel: Win d kin etic luminosity as function of 
the Eddington factor, from eq. l|12[l. 



Evaluating the constants in eq. ( 14 ) gives 
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where we have parametrized 770.1 = 7//O.I. Crucially, 
none of the wind parameters depend on the Eddington 
ratio of the AGN directly, but only through rfi. The high 
ionization parameter predicted for rri ~ 1 explains why 
UFO winds are generally det ecte d through FeXXV and 
FeXXVI absorption lines (cf . [Kmg 2010a). 

Equation ( 15 ) implies a set of self-consistent solutions 
for ^, li specified by tti, b and 77. The ionization pa- 
rameter ^„ depends linearly on the ionizing fraction of 
the AGN luminosity. However, species of higher ioniza- 
tion level (corresponding to higher ionization parameter) 
have higher threshold energies for ionization, leading to 
a lower ionizing fraction /j. Hence, for a given set of 
parameters 6, 77 and rfi, there is at most one possible 
solution where the ionization parameter calculated from 
eq. (14 1 corresponds to the ionized species as specified 
by li. Conversely, different combinations of these param- 
eters can lead to different solutions of the ionization equi- 
librium. In the next section, we estimate the ionization 
equilibria for seven elements corresponding to various pa- 
rameter ranges. We will show that our model predicts 
the ionized species observed in BAL QSOs to move with 
velocities consistent with observations. 

3. MODEL AND RESULTS 



3.1. Numerical model 

To find the connection between gas inflow parameters 
and self-consistent wind ionization solutions, we use a 
simple numerical approach. We consider seven elements 
commonly observed in BAL QSO spectra - carbon, ni- 
trogen, oxygen, magnesium, silicon, sulphur and iron. 
Their ionized species cover a large range of BAL QSO 
parameters. 

We start by construc t ing a 'typic al' quasar SEP usin g 
data from [Elvis et al ] ( |1994[ ) and [Winter et al] ( [2012| . 
The SED is composed ot hve components: a rismg radio 
and sub-mm continuum, flat IR, optical and UV back- 
ground with thermal IR and UV bumps superimposed, 
and a cut-off power-law at X-ray and higher energies. 
We varied the SED to account for the observational un- 
certainties and found that the overall results remain un- 
changed. Using the SED, we find the fraction of total 
luminosity that can ionize a particular element to any 
given level: 
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where -Bsed is the energy at a given energy and integra- 
tion is carried out above the ionization threshold of level 
i for element j. The SED is normalized by construction. 
Next, we consider the fractional abundances of vari- 
ous elemental ionization levels in astrophysical plasmas 
as fun ction of temperature. We use data from [Jordan[ 
( 1969[ ) for all eleme nts except iron; for the lat ter, we 
take th e data from Arnaud & Raymond (19921, since 
Jordan ( 1969 1 does not give a complete ionization ta- 
ble tor tne element. We convert each temperature to a 
corresponding ionization paramete r using the prescrip- 



tion based on Sazonov et al. (2005). The prescription is 



valid for an optically thm plasma illuminated by, and 
in thermal equilibrium with, a quasar radiation field; 
both assumptions are satisfied when considering equilib- 
rium ionization structures in a diffuse wind. In the few 
cases w here temperatures fa ll outside the range consid- 
ered by Sazonov et al. ( 2005 ) , we adopt a simplified rela- 
tion ^ = 7/200 (in cgs u nits), which follows t he approxi- 
mate analytical relation ( Sazonov et al.|2004 ). Given the 
fractional abundances and the corresponding ionization 
parameters, we calculate the weighted average ionization 
parameter for each ionization level of each element. This 
is the ^w required for equilibrium. 

We then substitute the calculated values of ^^ and ^ij 
into equation (15) and isolate the quantity 
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for each element. We now use eqs. (11) and ([17[) to 
find v^ and m numerically for b = 0.01, 0. 
77 = 0.1. 



1, assuming 



3.2. Extrem,e UFO solution 

Figure [2] shows the outflow velocity and Eddington fac- 
tor given Dy eqs. (11) and (17) for all iron species. Each 
diamond corresponds to a different ionization level, in- 
creasing from Fell to FeXXVI. The three curves are for 
b = 0.01 (black solid), b = 0.1 (green dashed) and b — 1 
(red dot-dashed). 
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Figure 2. Wind velocity (top) and Eddington factor (bottom) as 
function of iron ionization level (diamonds) for tliree values of the 
luminosity beaming factor: h = 0.01 (black solid curve) 0.1 (green 
dashed) and 1 (red dot-dashed). 
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Figure 3. Same as Figure [2| but for oxygen. 

The two rightmost points in the figure are for helium- 
and hydrogen-like iron ions, and describe mildly rela- 
tivistic extreme UFO winds. For the expected unbeamed 
luminosities (6 = 1) the outflow has m < 1, i.e. the ac- 
cretion rate is not much higher than Eddington. The 
predicted outflo w velocities are ^ 0.15 — 0.3c, within the 
observed range ( Tombesi et al.[[2010a|b ). 



3.3. 



but 



BAL QSO solution 

In Figure [3j we plot the same data as in Figure [2| 
it for oxygen ionization states. BAL QSOs are ol- 



ten observe d via an OVI absorption line (e.g. Baldwin[ 



et al. 1996), so we concentrate on the results tor this 
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Figure 4. Range of beaming factors giving ionization equilibrium 
solutions consistent with the lower end of BAL QSO wind veloc- 
ities v^ = 2000 — IC* kms~^ for commonly observed BAL QSO 
ions. Higher beaming factors correspond to lower velocities. Low 
ionization species Mgll and Fell are seen in a small fraction of BAL 
QSOs, suggesting a short-lived evolutionary phase. 

ion (5th diamond from the left). It is clear that the 
major difference from Seyfert winds is the significantly 
higher Eddington factor m ~ 10. For flows with spher- 
ically symmetric radiation fields (6 — 1), this ionization 
state is consistent with Vvjfi — 2500 kms^ , close to 
the lowe r bound of the minim um BAL QSO outflow ve- 
locities (Gibson et al. 2009). However, if the Seyfert 
luminosity is beamed perpendicular to the disk plane, 
the velocity is higher. For a beaming factor 6 = 0.1, we 
find Ww,o — 7000 kms""'^, well within the range of ob- 
served BAL QSO parameters. Other ions - CIV, NV, 
SilV, SIV and SVI - show very similar results. We com- 
pare our results with the range of minimum, rather than 
the maximum, BAL QSO outflow velocities, because we 
only consider radiative acceleration of winds. The wind 
is usually launched with considerable velocity (similar to 
the escape velocity at the launch radius) by gas pressure, 
which would increase its final velocity as well. 

To quantify the constraints on luminosity beaming for 
BAL QSO outflows, we plot b for eight common ions 
giving wind velocities v^ — 2000 — 10'* kms""'^ (Figure 
[4]). The six ions most commonly observed in BAL QSOs 
- CIV, NV, OVI, SilV, SIV and SVI - all have solutions 
with 0.08 '^ b < 1. The shaded region corresponds to 
th e range of b eaming factors predicted by equation (8) 
of King (20091 for m values between 10 and 80. 



3.4. LoBAL solution 

The presence of two more ions - Mgll and Fell - in 
this simple picture is consistent with the observed out- 
flow velocities only if the AGN radiation held is strongly 
beamed, with b ci 0.01. Such strong beaming may not be 
required if other processes can reduce the ionization level 
in these systems, but our simple model does not take such 
effects into account. We comment further on the validity 
of this model and several possible complicating issues in 
the next Section. 

4. DISCUSSION 

The results of the last Section suggest that the main 
parameter affecting the properties of an outflowing 
radiation-pressure driven wind in AGN is its Edding- 
ton factor m, and so ultimately the inflow rate from the 



host galaxy towards the central supermassive black hole. 
This is '-^ 1 in extreme UFO-producing AGN, but ^ 10 
in BAL QSOs. We can draw several conclusions from 
this. 

4.1. BAL QSO fraction 

BAL QSOs comprise a small fraction, ~ 15%, of all 
AGN (Knigge et al. 20081. In our picture this follows 
from the requirement tor inflow from the host galaxy at 
signiflcantly super-Eddington rates. From eq. (El) these 
conditions are more easily achieved in galaxies with low 
values of a or SMBHs with masses well below the M — 
a relation, but both cases correspond to low absolute 
luminosities and so are disfavoured by observation. So 
the rarity of BAL QSOs suggests that near-dynamical 
inflow rates in big galaxies with big black holes are rare, 
presumably because such episodes are shortlived. 

4.2. Absorption line widths 

The fact that the accretion disk contributes signifl- 
cantly to driving the wind may explain the width of BAL 
QSO absorption lines. Since the wind is launched from 
a wide range of radii in the disc, its gas has a wide range 
of initial velocities. Even though they are all accelerated 
by the central source, the original spread remains. 

4.3. Warm absorbers 

A large fraction of Seyfert galaxies, as well as some 
quasars, show absorption in the UV and soft X-ray spec- 
tra of material moving with comparatively low velocities, 
uwA = 10 - 1000 km/s ( [McKernan et al.|(2007] ) with line 
widths similar to these velocities. I'hey are co mposed of 
weakly ionised (£ ~ 30 erg cm s~^) 10^ K gas ("Reynolds! 
fc Fabian|1995[ e.g.,). Ionization models show that these 



'warm absorbers" exist outside the broad line regions of 
their AG N and are perhaps associated with the gas in 
the torus ( Blustin et al.||2005 ). Comparison of these sys- 
tems with typical Seyterts suggests that t hey should be 



accre ting with high Eddington ratios m (Brandt et al 



20001 



The model presented in this paper does not account 
for multiple ionization levels in an outflow. Neverthe- 
less, a simple qualitative picture can be developed to 
explain these. The wind rising from the accretion disc 
around an AGN is stratified in density, with slower and 
denser material close to the disc and faster lower den- 
sity material further away. As this wind is illuminated 
by an isotropic AGN radiation field, its ionization pa- 
rameter increases with height above the disc mid-plane. 
For a Gaussian vertical density profile, the particle den- 
sity drops (and the ionization level increases) by a factor 
1000 within less than 3 scale heights from the base of the 
wind; this difference would allow both warm absorbers 
and hydrogen-like iron to coexist within the same out- 
fiow. A similar mo del was proposed for t he weak outflow 
in NGC 5548 (Steenbrugge et al.||2005|); we claim that 



this is the general case 

In addition, any inhomogeneities present in the ISM 
surrounding the AGN can produce lower ionization fea- 
tures in the spectrum. Such features of varying velocities 
and ionization levels have been identifled in both UFOs 
jPounds fc Vaughan|[20ll| e.g.,) and BAL QSOs ( pvfoe 
[et al. 2009j e.g.,). I'iiially, it is possible that low-velocity. 
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low-ionization species are formed by recombination in 
the coolest part of the postshock flow (Pounds & King, 
2013, in preparation). 



4.4. What 



LoBALS? 



Our work suggests that AGN winds and BAL QSO 
outflows are explicable by the same physical mechanism, 
the only difference being the large-scale properties of the 
reservoir feeding the black hole. The LoBALs appear to 
be a rare state in which the AGN radiation is somehow 
beamed away from most of the outflow. 

We speculate that AGN may evolve over time from an 
initial BAL QSO state of an AGN, through a LoBAL 
state, to a final stage as a Seyfert galaxy or a quasar 
(see Figure [s] for a schematic of the process) . We as- 
sume that an AGN accretion episode starts when some 
process creates a large reservoir of gas of relatively low 
angular momentum around the SMBH (left panel of the 
Figure). This would give a near-dynamical inflow rate 

-^in ^ -Mdyn and hence a highly super-Eddington SMBH 
accretion rate {ifi ^ 1). The black hole and its accre- 
tion disk begin driving an outflow, which is observed in 
broad absorption lines, with the accretion luminosity be- 
ing somewhat beamed (6 > 0.1), giving a BAL QSO. 

The radiation pressure inside the beamed ionizing cone 
is Pr.beam o t b~^ , wherc b probably decreases with rh 
( King|[2009 suggests that b ex m~^), reinforcing the ten- 
dency oFTarger accretion rates to give higher radiation 
pressure. The pressure inside the ionization cone is much 
higher than the pressure in the more modestly illumi- 
nated vicinity of the disc, Pr,d oc (1 -I- ln(l -I- m)). As 
a result, the beamed ionizing radiation flux evacuates 
a conical cavity from the surrounding material. This 
process, together with the inevitable vertical collapse of 
the large-scale reservoir as it circularizes close to the 
SMBH, reduces the effective beaming factor severely (to 
b ^ 10^^) as there is less material interacting with the 
beamed radiation of the SMBH. This stage corresponds 
to a LoBAL (middle panel). 

The large-scale reservoir feeding the AGN is depleted 
in a few dynamical times tj — 5 x 10 i?io<T^Q yr, with 
i?io the size of the reservoir in tens of parsecs. As this 
happens, the Eddington factor rh drops until eventually 
only the accretion disk remains. The SMBH then starts 
to accrete at m ^ 1, producing a UFO-typc wind. 

Both changes to the system state depend on dynami- 
cal processes (reservoir collapse and depletion), so they 
happen soon after one another. This may explain why 
LoBALs are rare - they are systems in a process of chang- 
ing from BAL QSOs to more modestly accreting AGN. 

4.5. A particular example: SDSS .71106+1939 

A recently disco vered powerful BAL QSO outflow in 
SDSS J1106+1939 ( [Borguet et al.|2012[ ) has a mass flow 



rate of 400 M0 yr ^ and velocity v ~ 8000 km s . From 



equation (11) we fin d t hat this velocity corresponds to 
rh = 14, wliile eq. (12) gives Lkin = O.OSLEdd for this 
system, exactly as observed. The Eddington ratio also 
implies an Eddington accretion rate of ^ 29 M0 yr~^, 
giving an SMBH mass Msmbh = 1.3 x 10^ Mq, almost 
exactly equal to the ~ 1.5 x 10^ M© SMBH mass calcu- 
lated from the observed kinetic luminosity. 



Borguet et al. ( |2012 ) determine the scale of the flow as 
about 3U0 pc, considerably smaller than the likely Comp- 
ton cooling radius (~ 3 kpc for a black hole of mass 
MsMRH = 1.3 X 10^ Mf7) lying c lose to the M — a rela- 



tion; see Zubovas fc King|2012b ). So it is likely that the 
collision of the observed wind with the host gas will re- 
sult in a strongly cooled shock, and not sweep the galaxy 
clear of gas in an energy-driven, possibly molecular, out- 
flow. 

5. CONCLUSION 

We have shown that the outflowing winds in Seyfert 
galaxies and BAL QSOs differ only in their mass outflow 
rates. These are of order the Eddington accretion rate in 
Seyferts, but ~ 10—50 times this in BAL QSOs. Our pic- 
ture correctly predicts the velocities and ionization states 
of the observed winds, including the recently-discovered 
case of SDSS J1106-M939. We suggest that luminous 
AGN may evolve from BAL QSO through LoBAL to 
Seyfert as their Eddington factors drop during the de- 
cay of a bright accretion event. LoBALs correspond to 
a short-lived stage in which the AGN radiation pres- 
sure largely evacuates the ionization cone, but before 
the large-scale accretion rate has dropped to Eddington 
value. ^^ 

We note flnally that equations ( |5|7[ ) imply that extreme 
UFOs and BAL QSO winds exert the Eddington thrust 
on the interstellar gas of their host galaxies, and so pro- 
duce the M — a relation (I2I), w hich a grees with observa- 



tion. The analogous equatTons ( 5|10 ) for sufe-Eddington 
UFOs would instead produce an M — a relation with the 
black hole masses larger by factors ci iEdd/^boi, which 
can approach 100 in some cases. Since larger masses 
should be easier to measure than smaller ones, it seems 
unlikely that such a relation holds in reality. We there- 
fore conclude that such sub-Eddington systems cannot 
be the sites of significant SMBH mass growth. Unless 
this occurs in obscurity, most galaxies must pass through 
prolonged phases as extreme UFOs or BAL QSOs. 
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